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CONCLUSIONS: This study was accepted by EFGWB on 4/10/95, because Sfod:[’
additional information received from Zenica (D210477), and 434358-01 "f’ﬂ'“
indicated that brodifacoum is stable to hydrolysis.

Hydrolysis < 3 Jord
1. This study can be used to fulfill hydrolysis data requirements.

2. Brodifacoum is stable to hydrolysis

METHODOLOGY :

[C]-brodifacoum was repurified by TLC to radiopurity of 97.91% with
a cis:trans isomer ratio of 58.30:41.70. 100 ul aliquots of [c1-
brodifacoum in acetonitrile were tested in buffered solutions at pH
5 7. and 9 to determine the solubility of [**C]-brodifacoum in
buffered aqueous solution. At pH 5, at a target concentration of 0.05
ug/ml in the presence of 0.4% (by volume) acetonitrile, 94% of the
radioactivity was in solution. All of the radioactivity was in
solution at these concentrations at pH 7 and 9. No brodifacoum:
adsorbed to the glass flasks.” Based on these observations. a target:
concentration of 0.04 ug/ml brodifacoum with 0.8% acétonitrile by
volume as cosolvent was chosen.
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Aliquots of 0.8 ml of 5.00 ug/ml [*C]-brodifacoum solution were
added to 100 ml of sterile buffer solution to give a nominal
concentration of 0.04 ug/ml. Zero-time test solutions were prepared
after preparation of all other solutions to allow immediate analysis
to be carried out. The total amount of ['C]-brodifacoum added to
zero-time flasks was calculated as 4.59 ug/ml.

The flasks containing the test solutions were incubated at 25 + 1 C
in the dark for up to thirty days. Duplicate 1 gram samples were
taken at the following intervals after application: 0, 1. 3, 7, 14,
21, and 30 days. A1l incubates were stored at ca -20 C prior to
extraction.

Sodium chloride (5 g) was added to each test solution and the
solution was adjusted to pH 2 with 1 M HC1. Each sample was
partitioned twice with dichloromethane and the extracts combined.
Each incubation flask was washed with acetone. The total volumes of
dichloromethane, aqueous and acetone fractions were recorded and
aliquots of each (2 x 0.5 ml) were assayed by LSC. A fixed proportion
of each organic extract and acetone flask wash was pooled and
concentrated to a small volume under a stream of nitrogen.

Samples of each concentrated pooled extract were analyzed by TLC on '
silica gel using the following solvent systems:

System 1: Chloroform (100%)

System 3: Dioxan:petroleum ether (3:7 v:v)
Non-radiolabelled brodifacoum and 4-hydroxycoumarin were co-
chromatographed with each sample extract. Following chromotography.
rad}oactivity on TLC plates was quantified using a RITA 68000 linear
analyzer.

Zero-time and Day 30 samples were analyzed by HPLC. A Hewlett-Packard
1050 system was connected to an Apex Silica 5 um column and a Bethold
LB 507A Radiodetector. The mobile phase was
hexane:dichloromethane:acetic acid (75:25:0.6, v:v:v) at a flow rate
of 1 ml/min. Ultraviolet detection was carried out at 254 nm. The
radioactivity in 15 s fractions of column eluate was determined by
LSC. Brodifacoum and 4-hydroxycoumarin weré chromatographed as
reference standards.

Radioactivity was analyzed using a liquid scintillation analyzer with
automatic_quench correction by external standard-channels ratio. Each
individual sample was counted for 5 min. or for the time taken to
detect 900,000 counts. A background count rate was determined using
scintillation fluid containing blank sample matrix which was
subtracted from each sample count rate. Data reliability limit was 30
d.p.m. above background.
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DATA SUMMARY :

Chromatographic analysis of the test solutions indicated that
[“CIbrodifacoum degraded over the first 24 hrs at 5. 7. and 9 pH values.
but degradation did not occur over the remainder of the 30 day study. No
hydrolytic half life could be calculated on the basis of this degradation -
period. Degradation was greatest at pH 9 (40%) and least at pH 5 (25%). A
highly polar material found near the origin of the TLC system may have
consisted of more than one component including 4-hydroxycoumarin.

Recoveries of radioactivity at the 3 test levels ranged from 82.88 to
108.06%

COMMENTS:

1. The hydrolysis study produced erratic results when acetonitrile
was used as a cosolvent. Brodifacoum was apparently unstable in the
presence of acetonitrile.

2. An aqueous hydrolysis study (44021706) also shows stability to
hydrolysis.
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CONCLUSIONS:

Metabolism - Aerobic Soil

1. This study can be used to estimate the persistence of brodifacoum 1h
soil.

2. Brodifacoum degraded with a half-life of 157 days in sandy clay loam
soil incubated in the dark at 21 C and 75% of 0.33 bar moisture
capacity. No volatile degradates other than 14CO2 were identified;
*C0, comprised 36% of the applied radioactivity at 52 week s
posttreatment.

3. This study is scientifically sound. but up to eleven [”C]cdmpounds
other than [*C]brodifacoum were isolated from the s0i1 extracts at
2.07 to 17.34% of the applied (0.008 to 0.067 ppm). but were not
identified.
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METHODOLOGY :

Sieved (2 mm) sandy clay loam soil (63.1% sand, 16.5% silt. 20.4%
clay. 4.24% organic matter, pH 7.1, CEC 13.56 meq/100 g), was weighed
(50 g dry weight) into 250-mL Erlenmeyer flasks and moistened with
deionized water to 75% of 0.33 bar. After 5 days of acclimatization.
the soil was treated at 0.38 ppm with [**Clbrodifacoum (3-[3-(4' -
bromobiphenyl-4-y1)-1,2,3,4-tetrahydro-1-naphthy1]-4-hydroxycoumarin:
uniformly Tabeled in the phenyl ring of the hydroxycoumarin moiety:
radiochemical purity 98.2%, specific activity 45.86 uCi/mg, ICI),
dissolved in acetonitrile. The soils were mixed by tumbling, then
the sample flasks were connected to a continuous air-flow system.
Humidified. CO,-free air was drawn through separate flasks. and the
gases leaving the flasks were combined and passed sequentially
through a polyurethane foam plug and ethanediol, 0.5 M sulfuric acid.
and ethanolamine trapping solutions. The samples were incubated in
the dark at 19-22.5 C, and the moisture content of the soils was
maintained at 75% of 0.33 bar for the duration of the experiment.

The foam plugs and trapping solutions were replaced weekly for the
first 8 weeks, then either biweekly or when samples were removed for
analysis through 52 weeks. Duplicate flasks of soil were collected
for analysis immediately posttreatment; at 3, 7. 14, and 28 days: an
at 8, 13, 17, 26, 39, and 52 weeks. ‘ 1

The soil samples were extracted twice with methylene chloride: -
methanol (4:1; v:v), first by shaking overnight on an orbital shaker,
then for 2-3 hours using a wrist-action shaker. Following each
extraction, the slurries were centrifuged and the supernatant
removed. Portions of the extracted soils were analyzed for
unextracted [“CIresidues using LSC following combustion. Aliquots

of the individual extracts from the 0-, 3-, and 7-day posttreatment
samples were analyzed for total radioactivity using LSC: the two
extracts from each sample were then combined for further analysis.
For samples from later intervals, the two extracts were pooled into a
single sample prior to analysis using LSC. Aliquots of the combined
extracts were evaporated to dryness under a stream of nitrogen, and
the resulting residues were redissolved in acetone and analyzed using
one-dimensional TLC on silica gel plates developed in chloroform
(100%; Solvent System 1), dioxan:petroleum ether (30:70, v:v: Solvent
System 2), or toluene:propan-2-ol:acetic acid (9:1:1, v:v:v: Solvent
System 3). A1l sample extracts were analyzed using Solvent System 1:
extracts of samples from 0 days through 17 weeks were analyzed using
Solvent System 2; and extracts of samples from 28 days and 17 through
52 weeks were analyzed using Solvent System 3. [*CJResidues on the
plates were Tocated and quantified using a linear scanner, and were
identified by comparison to the location of uniabeled brodifacoum and
4-hydroxycoumarin reference standards that had been cochromatographed
with the samples and located using UV (254 nm) detection.

After the soil samples were removed, the incubation flasks were
rinsed with acetone and the rinsate was analyzed by LSC. The
polyurethane foam plugs were rinsed with acetonitrile, and the
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rinsates were analyzed for total radiocactivity using LSC. Aliquots
of the trapping solutions were analyzed using LSC.

DATA SUMMARY :

["C1Brodifacoum (3-[3-(4"-bromobipheny1-4-y1)-1,2.3 4-tetrahydro-
1-naphthy1]-4-hydroxycoumarin; uniformly labeled in the phenyl ring
of the hydroxycoumarin moiety; radiochemical purity 98.2%). at

0.38 ppm. degraded with a registrant-calculated half-1ife of 157 days
(22.5 weeks) in silty clay loam soil that was incubated in the dark
at 21 + 2 C and moistened to 0.75% of 0.33 bar for 1 year. In
duplicate samples, [*CIbrodifacoum declined from 88.77-97 .48% of the
applied at 0 days posttreatment to 54.38-56.13% at 17 weeks. 38 60-
40.23% at 26 weeks, and 15.96-17.91% at 52 weeks (sum of cis and
trans isomers in Table 2; TLC with chloroform solvent). The trans
isomer of [“C]brodifacoum degraded more rapidly than the cis isomer:
the ratio of cis- to trans-["C]brodifacoum changed from 41:52
immediately posttreatment to 12:5 at 52 weeks. = -

Using three different TLC solvent systems, possibly eleven different
[*Clcompounds were isolated from soil extracts but were not ;
identified. Using chloroform as the solvent, degradate "A" (R 0.05)
was a maximum of 3.94% of the applied; degradate "B" (R. 0.09) was a
maximum of 3.50%; degradate "C" (R, 0.20) was a maximum of 2.07%:
degradate "D" (R; 0.43) was a maximum of 7.72%: and degradate "F" (R¢
0.73) was a maximum of 16.07% (Table 2). Using dioxan:petroleum
ether (30:70) as the solvent, degradate "F" (R. 0.30) was a maximum
of 8.38% of the applied; degradate "G" (R. 0.35) was a maximum of
4.33%; degradate "H" (R. 0.44) was a maximum of 3.92%: and degradate
"I (Re 0.10) was a maximum of 4.51% (Table 3). Using toluene: -
propan-2-ol:acetic acid (9:1:1) as the solvent, degradate "J" (R,
0.52) was a maximum of 3.77% of the applied and degradate "K" (R¢
0.69) was a maximum of 17.34% (Table 4).

Unextracted ["“C]residues in the soil increased from 2.60-3.91% of

the applied immediately posttreatment to 11.12-13.00% at 28 days and
a maximum of 23.29-30.15% at 39 weeks (Table 1). ™C0, was 21.41% of
the applied at 26 weeks and 35.80% at 52 weeks: other volatile
[*Clcompounds totaled 1.85% of the applied at 52 weeks. During the
study. material balances ranged from 96.63 to 108.88% of the applied.

COMMENTS :

1.

Using three different TLC solvent systems, eleven [“C]compounds
other than [*C]brodifacoum were isolated from the soil extracts at

. 2.07 to 17.34% of the applied (0.008 to 0.067 ppm, respectively). No

attempt was made to identify the compounds that were isolated: .
therefore it was uncertain if the same compounds were isolated in

-1.3-



more than one solvent system: the study authors suggested that
degradates "E" and "K" may be the same compound. The only degradate
for which a reference standard was cochromatographed was 4-
hydroxycoumarin, which was never isolated. Subdivision N guidelines
specify that degradates present at >0.01 ppm should be identified.

The degradates were not identified and a degradation pathway was not
established. Depending on the proposed degradation pathway,
additional information may be required using brodifacoum in which
other portions of the molecule carry the radiolabel.

Radioactivity in the ethanolamine traps was assumed to be Co,; it
did not appear that confirmatory techniques such as precipitation
with barium chloride were performed.

portions of methylene chloride:methanol-extracted soil from the 8-,
13-, and 17-week sampling intervals were extracted once with methanol
and twice with methanol:water, each time by shaking overnight on a
wrist-action shaker. The extracts were analyzed for total
radioactivity using LSC. An additional 1.20-2.31% of the applied was
-extracted with methanol, and an additional 0.77-1.34% was extracted
with methanol:water. i

In an attempt to extract additional radioactivity from the soil,

In an ancillary experiment to determine microbial viability,
additional flasks of soil were either treated with unlabeled
brodifacoum or were left untreated. These samples were incubated
with the soil treated with [“Clbrodifacoum. The populations of
microbes in the soil were measured at 26 and 53 weeks posttreatment .
and no significant difference was observed between the treated and
untreated soils.
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